The power system economic dispatch model was improved, which only considered the feathers of cost and emission. The conception of energy conservation factor is suggested. Established a new model of economic dispatch considering energy conservation and environmental protection in electricity market, then, used it in a simulation system to verify its effectiveness. The new model gives a preliminary exploration and attempt on the implementation of the energy conservation power generation dispatch.
With the deepening of the electric power industry's market-oriented reform process, the electric power system dispatch theory gradually moving to the electricity market-based economic dispatch problem. In these years, the significant progress is made in the electricity market structure, economic system, trading tools, optimization theory and practice [5] [6] [7] [8] .
In recent years, the research on electric power system dispatch is focus on many issues, such as demand side response, environmental protection, risk, clean energy, microgrid and so on [9] [10] [11] [12] [13] [14] .
Energy conservation power generation dispatch method [15] was proposed by the Development and Reform Commission and other Related departments in 2007, it means the electric power system dispatch entered a new phase. There are some discusses on the problems and suggestions through the process of the method's implementation [16, 19] .
Under the market-oriented environment, the research on electric power system dispatch must take into account the organic links between the supply of exhaustible resources and the utilization of Renewable resources, for the healthy and harmonious operation of electric power system.
New model of economic dispatch

Objective function
The traditional economic dispatch model considers only the cost and emissions factors and energy factors not taken into account. For this reason, a new model of economic dispatch considering energy conservation and environmental protection in electricity market is established.
The parameters f c f e f k denote respectively the cost function, the NO x emissions function, and the energy conservation factor. Details are as follows.
1) The cost function In the electricity market, the power generation enterprises may use different bidding strategies at different load levels and different times. The bidding curves could be various forms. Therefore, to the power grid, the curve shape of the cost for purchasing electricity should be in various types accordingly. The cost function in the new economic dispatch model is represented as follows.
It is the objective function for the minimum cost based on all power generation enterprises' actual bid price. In the equation (2), i is the number of the generator which bid in the electricity market. If there are n generators in the market, then i could be valued from 1 to n. And t for the time; T for the trading cycle; P i,t for the active power of generator i in time t. C i (P i,t ) is the bid curve made by generator i in time t, which is a function of the active power P i,t and the time t, and is different from one another according to the bid curve of different generator. I i,t represents the status of generator i in time t, which equals to 1 if the generator i is running in time t, or equals to 0 if the generator is off at that time.
2) The NO x emissions function To minimize the polluting gas emissions, the emissions function is represented as follows. 
Characteristics of the NO x emissions is expressed by quadratic curve, and i , i , i are constant coefficients in quadratic curve of generator i.
3) The energy conservation factor In the traditional economic dispatch model, only two targets were considered, the purchase cost and the NO x emissions, without the energy factors.
The principle of energy conservation dispatch is raised in the energy conservation power generation dispatch method [10] . The energy conservation dispatch should strive to per unit of energy production in the least energy consumption and pollutant emissions, by ranking all generators in a province or area at its levels of energy consumption and pollutant emissions.
The implementation of the energy conservation dispatch, should consider the construction of the electricity market and give full play to the role of it, while ensuring energy saving, environmental protection, security and stability of the power system operation and continuous power supply. So the energy conservation factor is proposed to take account of the important optimization goal, energy conservation, which has used the sequence of ranked generators.
The expression of energy conservation factor as follows.
i is the energy coefficient of generator i, which be numerically equal to the sort number of generator i in all n generators.
Constraints 1) Power balance constraints
P D,t is the total load of the power system at time t, P L,t is the loss of active power at time t. 2) Generator output power limit constraints S i,t represents the spinning reserve provide by the generator i at time t, and S r,t represents the total amount of spinning reserve requirements.
4) Minimum on and off duration constraints
on and V i,t off are respectively the on and off duration of generator i in the time t; T i min-on and T i min-off are respectively the minimum on and off duration of generator i. 5) Generator's power changing speed constraints 6)
r ui and r di are the maximum allowable power output rise and fall speed per minute of the generator i; t is the continuation of a period of time. 7) Generator's spinning reserve changing speed constraints
S imax is the maximum response speed of the spinning reserve of the generator i.
Model Solution
In the multi-objective decision making of considering the energy conservation, environmental protection and economic in general, there is no absolute optimal solution, and the decision-making result is closely associated with the subjective preferences of decision-makers. The interactive decision making method can fully reflect the subjective views of policy makers, which is strong practical for multiobjective decision making [20, 21] .
Reference [22] proposed a double objective fuzzy optimization strategy. Firstly, the two singleobjective deterministic models were solved for their respective objective function value. Secondly, stretching the target values to a certain extent and defining the objective function's membership function, thus the deterministic problem is fuzzified. Finally, using the maximum fuzzy satisfying method to transform the multi-objective problem into single-objective nonlinear problems, and then solve them.
This method is applied to sole the proposed new model of economic dispatch considering energy conservation and environmental protection in electricity market.
Fuzzyfy the objective functions
The key of Modeling is determining the membership function. The objective of model is to give full consideration to energy conservation, lower purchase costs, and reduce environmental pollution, which meet all the constraints at the same time. So we should lower the cost, NO x emissions and energy factors as far as possible. The lower semi-linear is selected for the membership function, so the membership function of the three optimization objectives should be respectively equation (11), (12) and (13) , and be shown in figure 1. 
Multi-objective fuzzy optimization model
Being fuzzified, the solution of Equation (1) is transformed into the problem of maximizing the degree of membership (i.e. satisfaction ), which can meet the three objectives and all constraints, that is the problem M of minimizing the -. It can be expressed as follows. 
The process of solving
Step 1: Enter the raw data to solve the single-objective deterministic model for the minimum cost. Calculate the purchasing cost c 01 at each time period, the total NO x emissions c 02 [1] , the energy conservation factor c 03 [1] , the result of unit commitment, and the active power of every generator.
Step 2: Enter the raw data to solve the single-objective deterministic model for the minimum emissions. Calculate the NO x emissions c 02 at each time period, the total purchasing cost c 01 [2] , the energy conservation factor c 03 [2] , the result of unit commitment, and the active power of every generator.
Step 3: Enter the raw data to solve the single-objective deterministic model for the minimum energy conservation factor. Calculate the energy conservation factor c 03 at each time period, the total purchasing cost c 01 [3] , the NO x emissions c 02 [3] , the result of unit commitment, and the active power of every generator.
Step 4: On the basis of step 1~3, stretch the single targets, namely to determine 01 , 02 , 03 , thus fuzzify the deterministic problem.
The method to determine 01 is to keep the value of c 01 + 01 larger than c 01 but smaller than c 01 [2] and c 01 [3] . The methods for 02 and 03 are similar. c 01 < c 01 + 01 <c 01 [2] c 01 < c 01 + 01 <c 01 [3] c 02 < c 02 + 02 <c 02 [1] c 02 < c 02 + 02 <c 02 [3] c 03 < c 03 + 03 <c 03 [1] c 03 < c 03 + 03 <c 03 [2] If the requirements to the energy-saving factors, environmental factors or economic factors are different, the stretching target could be selected at different levels. Theoretically, the smaller 01 , 02 and 03 are, the better those factors are, but the difficulty to solve them will increase accordingly.
Step 5: Put the parameters c 01 , 01 , c 02 , 02 , c 03 and 03 into equation (15) ~ (17) respectively, the membership function expression can be drawn.
Step 6: Transform the multi-objective problem into the single objective nonlinear problem M by maximizing satisfaction.
Step 7: Solve the problem M, and then get the greatest satisfaction at each time period, the unit commitment, and the power output of every generators.
Simulation and result analysis
There are six generators in the simulation system, and the calculation cycle is divided into 24 periods, some parameters of which are taken from [23] . To simplify the calculation of simulation, that the active power losses have been credited to the load, and the bidding curve was selected as the function c i (P i,t )=a i P i,t +b i . The bidding curves are same at various periods. The parameters and the required load are shown in table I to III. Simulated by Matlab, the target values of the tri-objective fuzzy optimization, the dual-objective optimizations, the single-objective optimizations and their comparison listed in Table IV . Figure 2 shows the load distribution of every generator in the various optimizations. Compared with the target values by the single-objective optimizations and the dual-objective optimizations, the tri-objective fuzzy optimization's result has obvious advantages. Its cost for power purchase has 5.47% increase, and the NO x emissions only increase 2.19%, but the energy conservation factor has 13.50% lower, which fully reflects the balance between energy conservation, environmental protection, and economic.
Conclusion
After simulation, the results comparison between the new model with the single objective optimization model and the traditional model of economic dispatch and its analysis proved that the dispatch model is improved. The new model of economic dispatch considering energy conservation and environmental protection in electricity market is comprehensive well in energy conservation, environmental protection, and economic. It provides technical support to the implementation of energy conservation dispatch and the efficient use of energy.
